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STANDARD TIME SIGNALS 


Improving the Accuracy of Comparison Betv/een Radio 
and Local Time Standards 


Many of the activities assfx'iated with 
the International (leophysical 
(piire accurate time and frequency stand¬ 
ardization. It is frequently dosirahle to 
have a local time-and-frequency stand¬ 
ard, for use when radio reception is poor 
or when local timing equipment is to be 
op(‘rated. Standardization can be ac¬ 
complished by a comparison of the tiim* 
indicated by the local standard, such as 
tlie Type 1100-AP Primary Frequency 
Standard, with the standard radio time 
signals transmitted by national agencies 
in the Unitcxl States and in other coun¬ 
tries. These signals con.sist, in part, of 
pulses, dots, or dashes at intervals of 
one second. This article dc'seribes a 
^ method of mc^asurement of the time of 
arrival of time signals with a precision 
of ± 1 millis(M*ond. 

The Local Standard 

The Type 1100-AP Primary Fri'- 
quency Standard comprises a quartz 
crystal oscillator o|>erating at KM) kc 
and a frequency divider chain with out¬ 
put frequencic's at 100 kc, 10 kc, 1 kc, 
and 100 cycles per second. The 1-kc out¬ 
put drives a preci.sion (?lock (the Type 
1103-.\ Syncronometer), in which is in- 
<*orporated a contactor that opens and 


clo.s(»s once (km* second. This contactor 
is adjustable in pha.se, or time of opera¬ 
tion with r(‘sptx*t to the clock shaJt, in 
such a way that the closing time can be 
.set at any value with rt'spwt to an arbi¬ 
trary zero, from 0 to 091) millisecoiuls 
and on around, thnjugh zero, into the 
next st'cond. A calibrated control, callcxl 
the Microdial, is provided, which is 
graduaUni in lO-millisecond increments 
from 0 to 100 in 3t)0°, or 0 to 1000 milli¬ 
seconds. 

Calibration 

'Fhe calibration of a time or frequency 
staiulard by reference to radio time sig¬ 
nals rcM.|uires a .stories of measurements of 
the time of arrival of standard time sig¬ 
nal puLses ov’er an extended period of 
days or weeks in order to reduce the 
errors in time-signal rec(^ption times to 
negligible proportions. In the measure¬ 
ment the audio frequency dash or tick 
in the radio rweiver output is compartxl 
with a tinitnl reference signal from the 
local source to be calibrated. For ex- 
ami)le, let us assume that the standard 
time signals are rec<Mvetl at a setting of 
2(>.3 on the first day, 20.4 on the scx’ond 
— to 27.3 <m the eleventh day. This 
repres(mts an increase' of tlie Microdial 


Figure 1. Panel 
view of the Syn¬ 
cronometer. The 
Microdiol is at the 
right of the clock 
face. 
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reading of 1 division in 10 days or 10 
millisei'onds, wliicli is I millisecond per 
day gain. Kacti day consists of a total of 
80, KM) se<*onds (mean solar time). This 
figure is approximately 10“ seconds, or 
!()• millisecomls, per day. Since the frt^- 
quenc3'-standard clock is gaining at the 
rate of 1 millis(*cond p(*r day, the clock- 
oscillator fre(|uency (local fre(iuency 
standard) is running ai)proximately 
1 X 10-" too high in fre(|uency, ami is 
constanl in freqm’m'n. If the Micnslial 
setting had gaiiuni, or lost, time* at a 
rate proportional to the scpiare of the 
claps^'d tim<'. tlu*/m/Mcncy/ of tlie clock 
oscillator would hav'e been changing at a 
constant rate of increase per day. 'Duis it 
is possil)ie to compare? local frequency 
standards with standard time signals for 
calihration of both freiiuency and time 
indications. In order to achieve the de- 
sireii priH'ision in the us(.* of this m(*thod 
to calibrate the Typk 1100-A I* Primary 
rrtHjuency Standard, it is ne<‘(‘.ssary to 
us(! the Microdial contactor with an 
oscilloscopic indication of the time 
signal. 

Use of the Microdial 

As originally conU‘mplaU?il, the Mi- 
croilial contactor was used as a phase- 
ablegate, which let a time signal through 
when it w:is open and shorted it out 
when clos{*tl. The operator determined 
the lime of arrival of the time signal by 
finding the .setting of the Microdial for 
which tlie “nose” of the time signal was 
jiLst l>arely perceptible, in h(‘ad teh*- 
phones or a loudspeaker. The precision 




CUMKini ll ll MtCROOiAI. COKUCrOR 




CQNTACTCm TU«ME0 TOlWM I O 
tAWHCll TiMt llORCIt 
NUMKRS ON 0«At.l 


Figure 2. Diagram of time comparison using the 
Microdial. 

of setting by this method is approxi¬ 
mately rb o milliseconds. A time diagram 
of this operation is shown in Figure 2. 
For greater precision in this comparist^n 
method, a detector, or display device, is 
needed for indicating more precisely the 
relationship between the Microdial set¬ 
ting an<l the time of arrival of the .signal. 
The aural melhotl is subject to con¬ 
fusion from intt‘rf<Ming noises and sig¬ 
nals. and it (lepeiids upon the hearing 
of the operator for <*stabli.shing a con¬ 
stant interval in milliseconds between 
the start of the time puls<* and flu* clo.s- 
ing of the Microdial contactor. 

The Comparison Oscilloscope 

A precision time-interval indicator is 
readily available in the Type 110.>-.\ 
Frt'quency Mea.suring Equipment in tlie 
form of the Type I109-A Comparison 
Oscilloscope, shown in Figure 3. The 
circular swwp of this cathodi^ray indi¬ 
cator can lie driven by the frequency 
standard at a swec‘p rate of 100 cycles 
per socoikI, which gives a time scale of 
10 milliseconds per revolution, with no 



Figure 3. Panel view 
of the Type 1109-A 
Comparison Oscillo¬ 
scope. 
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startinjj transient since it runs contin¬ 
uously. Tliis os4*illosco|M» thus provides 
the precision time s<*ale rt'tpiirtHl for ac¬ 
curate determination of tlie time «)f 
arrival of the time signals. All that is 
n^luircMl is a knoNvle(Jg(‘of the charact<*r- 
istics of the time signals and of their 
appearance as seiMi on tin* (»scillosco|H', 
so that a suitable method may l»echos(»n 
for using the display to calibrate the 
time of arrival of the time puls4*s 
Such a metlnxl has be<*n in use* here 
at the Ci(*neral Radio C’ompany for 
several months with entirely siitisfac- 
tory rc*sults. This methfMl ri*<|uir(»s the 
following st'ttingsof lhes(‘l(*ctor switches 
of the Tyi'K 1 KMt-.V C’ompari.son Os¬ 
cilloscope: 

(C’llKT'LAR SWKKP FRHQrKNT'V) 
to 1(K) cycles, anti Sld.KC'Tt )H to DKT.- 
STD. C'lIK'. SW. 'riie ratlitelmiuency 
time signal must then l>e nreivtHi by a 
tletector unit, which may be a Tyck 
110(>-A, -Ik or -C’ Fri*(juencv Transfer 
Unit or a ratiio re<-eiver. The r(*sulling 
audio signal is suppli<‘<l to the oscillo- 
seop(‘. In the Tyi’K I lO.VA Fri'cpn'ncy 
.\I(‘asuring Hquipment Assembly, this 
is accomplished by st'tting the switch on 
the Tyck 1 lOS-A Coupling Panel to 
.H‘lect the DKTKCTOR at L(tnv), 
.M(<tlium). or Il(igh) frcMpiency, as rc*- 
<|uir(*<l, or KXT. (external) for a separate 
r<*ceivf*r. The audio signal will protluce 
a ratiial deflection of the scope pattern. 
Adjustment of the MicrtNlial setting 
will then vary the closing tinn* of the 
gale so that, with the MK’RODIAL 
swilchcMl ()X (on the Coupling Panel), 


the start of the time signal can be seen, 
and the closing time of the contactor 
can be s<»t to a seleiUcnl (*oiLstaiit time 
delay after the start of the time signal. 
.Although time signals from dilTerent 
sourc(*s have slightly dilTering charac- 
t(*risti«*.s, it is inter(*sting to note that it 
is |>ossible to rinluce many of them to a 
completely standariiiz(Hl display, as 
.shown in Figure 1. 

In this diagram, the con.stant time*- 
delay is H millis<s'onds and the audio 
signal is UHM) cvch*s per sc‘c<U]d. 'Hu^st* 
are conv<*nienl value.s :ind are us<h1 in 
the exampli*s that follow. The* choice of 
KMM) cv<*l<‘s for the audio lone i.s con¬ 
venient iM'cause (I) it is the fiKMlulatioii 
tone on the time signals from W \V'\ . and 
(2) it l>ears an integral relationship to 
the KKf-cvcle circular s\\(*<*p fnH|uency, 
thus :issuring a stationary pattern. The 
3-niillisecomI <lelay interval is cho.sc*n 
lK*cau.se (1) the .Micnnlial ctmlactor 
must short out at leiust a |M»rlion t>f the 
tinK*-.signal puls«* or there will be no way 
to tell wh<*n it is set correctly, and (2) 
the 3-cycle (or 3 milli.second) tick which 
remains i.s long enough to give an audilde 
puLse, which can be dLstinginsluHl aurally 
from nuKst impul.se nois<*. and (3) it 
provid<*s a long (*nough |)<*riod for the 
signal to build up if filters are addexi to 
rtnluce nois<*. 

THE CALIBRATION METHOD IN USE 

NSS Time SignoU (I *. S. NhvuI ( )t>?*«*rvntory) 

Tht* tinir signals by ttie t’. S. 

Naval ()li.'4<Tvator>' arc traii.sniitt<*d fmni sta¬ 
tions NSS, XMA, ami NPfl on a variety of 
frequencies isi'c current listing of frequeneicH 
and transmls.sion .selieduN's in t'. S. Naval 


Figure 4. Diagram of time-signal 
display on Typo 1109-A Com- 
poriton Oscilloscope with Micro- 
dial contactor set to close 3 mil¬ 
liseconds after start af time 
signal. 



ROTATION OF MICROOIAL 
TOWARD LOWER TIME 
SETTINGS MOVES 
TIME OF CONTACTC 
DIRECTION SHOWN 


_I00 CYCLE 
CIRCULAR-SWEEP 
BASELINE 


CLOSING TIME OF 
MICROOIAL CONTACTOR 


START OF TIME 
^^SIGNAL 


DEFLECTION 

ELECTRODE 
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()hs<Tvalor)' btUIotiiis). ThwH* traiiMnii.s8ion8 
4'f»iu4isl of a wrifis of {l:i.shos at cmi^-jH'Wiid iiitiT- 
vain, oarli lirwb laMiig a kryctj roiitiniioii.«4-\vavo 
Mixiial, ufiin<KJuluU;d. Thes«* tinu* siiniain arc 
radi.att'tl during the five miiiutcn prerf^ling the 
hour at fhi* rtcli4‘duJ<tI time. 

For the display of this typ<; of tune signal 
on th«‘ cireulnr-8Wis‘p sc*o|k*, a heler<Hlyiiing 
fri*quenry must be added to provide an audit*- 
fnspitMiey beat lone. For east.* t»f (‘alibralion, 
thi.s beat should Ije .set Jts near bj 1 ke as pt>8- 
sible by refiTetiee t<t tli<‘ pattern on the eireubir- 
sweep stsijM' with the Mienidhd eontaeb)r nf»t 
operating. ICaeh eyele of the lasit fnsiufney is 
then is^ual l<i inie milli.s<n‘und, but tl»e exaet 
phasing of the varioas cychs is asiially not 
sb'ady enough to be ust^J as :i dins’t time 
4'ulibmtion. The di.splav pres<‘nt4*d by this 
method ap|H ars identieal to that of the iixhIu- 
hil«*d signal fn*m \VW*V ^S4s* next s<*etioni 
when the Miennlial <s»ntaet<ir i>o|H'rating with 
a 3-millis4s-ond interval betw<s*n “nom**’ and 
elo.sing time of the eonta»'lor. A phot«igraph of 
the oseilloHisipe display of the time signal from 
N.SS i> shown in I-’igure t». Not*’ the apfiareiitly 
ex.'u't diiplieation of the di.splay (»f Figure / 
with the notable exeeption that the siginil-to- 
noise ratio is eonsiderably b<‘tter in the ejwe 
show'll in Figiin* 0. Th«* hetermlyning freipieney 
was provided by tin- het4*nMhnie freipjeiicy- 
met4*r i»seillut4>r in the T\eK 1 lOlVH Fnspieiiey 
Transfer Fiiit. A Ifaminarltind SP-IXXI-.lX rc*- 
eeiver was usisl as an external di'tis’tor. 

WWV Tim* Sifinols (National Rure.au of 
Standanlsi 

Thi* time pul.s«\s fmm WWV i*onipri.s<> five 
I'omplet** eyele.s of 1-ke miHlulatiTm on the 
earner of lh«‘ .stainlard-frei|ueney transrnissioiu 
as shown in Figure 5. During tht‘ last two 
minutes of rnosl of the fiv«'-miiiute intervaJ.s 
in any given hour (cxeept for the various inter¬ 
ruptions sehiHluhsl — gws* the (‘urrent bulh'tin 
of National Rureau of Standards), tin* earner 
fnHpieni'y and thc' tim<* tieks are the only 
signals tran.-mitt^sl. The Mierodial isnitaetor 
reinain.s4»|>«*n for apprtiximately fill millisissmds, 
or 5 revolutions of the eircular swei-p. Tlu rc*- 
ftirc, the Intseline of the swifp is visible through¬ 
out thi* entire eirrle even though the deflection 
lea VI'S no bjtsi*line during the piilM*. If the con- 
tart«»r i.s not .m‘t to short out part of th«* time 
signal puls4*, the display is .similar w'ith the 
Nlh’rodial wntaetor in or out of o|M‘ration, 
♦•xeeot that then* is more iioisi* and a brighter 
bns4‘line display when the contaebir is not in usi*. 

When th«’ phasing of th»' eonlaetor is ail- 
ju.sled elos<' b) the desinal value, the eounter- 
eloekwisi* enil of the 5-«*vele pulse will la* 
shortisl out first if the Mierodial is rotati'd 



Figur* 5. Diagram of 
tim* signal from WWV 
with Microdiol <on> 
toctor not oporoting. 


frt>m the higher numbers tow ard the low'er num- 
Ix'rs on the dial, as '«ho\vn in Figure 2. If the 
Mierodial is si-t to an iinpnuM-r s4*tting, th»* 
w»nt:M'b*r will always Is* closed when a time 
puLs4* is ns'iivifl ami no difleetion will b»* 
displayisi. 

One of the advantages of the aso of thi.s 
meth<»d of timi'-sigiial nas'ption-tirne ealibra- 
lion is that relativelv aeeural«* r<*sult4 can be 
obtaimal in the pn'S«*iice of inlerfen nec btrong 
em>ugh to prevent u.s4‘ of the eiu'rier fn*qucTicy 
of WWV as a standard freqiienev. A phot4)- 
graph of the Tvpk 1 lOtbA Comparison C).seilli>- 
seope display taken under sucli (xmditi<»ns is 
shown ill Figure 7. The interf(*r»‘neo wai? a com- 
lunation of s<‘veral signals, at least luie of whieh 
w'as an oxfMuimental pube-trairi generator in 
an adjoining lals»ratory. The ree<*iver w’as tin* 
d«*t€*ctor in tin* Tvpk 1 i0l>-R Frequency Tran.— 
fer Unit. 


CMU Tim* SignoU (Dominion Observator>’, 
Ottawa, Canada) 

Time signals an* transmitted Viy the D4>min- 
ion Obs4'rvat4*ry, Ottawa, Ciuimla, by the key¬ 
ing of a ItlOb-eyeh* tom* on the «*nrrier of sta¬ 
tion cur. The signals an* long ditshes of 
KKMVeyeh* signals om*e each S4*4*oMd, the time 
being Miiiiouneed in voiee iift-er the fiftieth 
sceond of each iniimb*. The 10()0-« ych* modii- 
lafing fri‘queney is a standard frequeney, ami 
the keying d<*\'iee si'lects a constant starting 
phase for the modulating pulse. Hence eacli 
modulation cycle repres<*nts om* millists'ond. 
The di.splay of this signal is again practically 
identical with the pns*eding two »‘xamph*s, as 
shown by the os4*illos4*(i|N* photognqih of Fig- 
un* 8. Sr»mc intcrf4*n*iicc is apparent in this 
pltot«»graph, the bi'at noti* show*n arising from a 
I'ommerciid commuiiieationH transmitter on :ui 
adjac4*!it channel. This signal was nn'i'ived on 
the Tvpk IIOThR Fnspiency Transfer Unit, a 
regenerative deteelor. A sketch of the oseilhi- 
scom* display during the* “on” jieriod of the 
CHU time signal is show'n in Figure 9, the 
Mierodial contactor In'iiig s\vitehi*d off. Famili¬ 
arity with this display enables eiusy rec*ognitioii 
and tuning-in of the time signal. 


Figvr* 6. NSS, 9.425 Figur* 7. WWV. 10 Figwr* 8. CHU. 7.335 
Me. 1456 E5T. Me, 1437 E5T. Me, 1424 E5T. 



Phetogropht of tim»-signal ditplaye 
on Typ* 1109>A Compartton Oteille- 
teop«, at CombHdg*, Mott., D«e*m- 
b«r 19, 1957. R«e«iv*r wot fh« Type 
1106*6 Frequency Trontfer Unit ex¬ 
cept for Figure 6 where Frequency 
Transfer Unit supplied heterodyning 
frequency for 5P-600-JX receiver. 


lET LABS, INC in the GenRad tradition 

534 Main Street, Westbury, NY 11590 tel: (516) 334-5 


www.ietlabs.com 
9-8438 • FAX: (516) 3: 








7 


JUNE, 1958 


Figure 9. Diagram of dit* 
play during **on*' period 
of time tignol from CHU 
(Dominion Observotory, 

Ottowa,Canada),thowing 
10 equally tpoced intervolt 
of 1 millisecond each, cor¬ 
responding fe fhe modu¬ 
lation frequency of lOOO'^ 

(lOO'^ scope sweep 
frequency). Microdiol 
switched OFF.The phasing 
shown here is orbitrory 

Calibrated Scale on Oscilloscope 

A useful addition lo llie Tyim: 11()9-A 
Comparison OseilloseojK* is a <*alil>ratod 
scrdi* (‘iij^ravnl on a sIuh*! of transparent 
plastic inatiTial, which is placfMl next to 
the face of the oscilhtscopc tulx*. This 
scah‘, shown in Figure 1(1. has 10 equi¬ 
angular divisions and a comt)let<* circle, 
which is lisctl as ji target on which to 
alisn the circular sweep. 

Each t«‘nth of the circular swet'p circle 
repre.s<*nts one actual millisecond of 
time* its counted otT hy the frequency 
standard, so that this scale* can he used 
tiinrtly as a inillisecoiul vernier .scale to 
read hi^twiHMi the I0-millis4‘con<l cali¬ 
bration points on the MicrtKlial. Since 
the sw(M‘j> vttltage is not aeljustahle in 
phase for synchronism with the* cali- 
hratiNl divisions <»f the Mie^nnlial. an ar¬ 
bitrary zero |K)int must Ix' establislunl. 
Use of Selective Filters 

When ehx'trical noise* and in(e*rfe*rence 
are heavy, the'use* e»f s(*le*e’tive filtc*rs may 
improve the siKnal-te»-noisc» ratiei. Filters 
can also be* us<h1 tei s«'le'ct the time*-sipnal 
compeaient e)( the* ^^W\ transmis.sion 
during transmis.sion e>f the staneiard 
audio tone* siKiials. In each case', it is 
(*.s,s(Mitial to dete'rmine the time*-ele*lay 
intre>duce*el by the use* of the tilte*r in 
e»rde*r te> he able* tei remove the adelitional 
error freim this sejurce. This proble'm is 
im|>ortant mainly in the establishment 

Figur* 10. Diagram of lron$par«nf scoU Uftod on Typo 
1109-A Comporlton Otcillotcop*. 



of accurate* time for time*-of-occurrencc 
measurements, since the time‘-delay e>t a 
given tilter wenilei .subtract enit in a tinu*- 
inlerval measureme»nt such as is use<I in 
freque*ncy staiielardization. 

The circular-swe*et) ose*ille».s<‘o|H* ilis- 
play provides a simple means fe»r che*ck- 
ing the filter time*-<lelay. If the* time* sig¬ 
nals can Ik* reH-eivetl without the filte*r, 
then a quick ehe‘<*k of the* display lime 
with anel without the filter .switche*il into 
the circuit give*s the desire*<l eielay-tirne 
calibration direvtly. 

For e.\am|>le*. the* crystal filter of the 
S1M)00-.IX rece*ive‘r in us<* in our fr<*- 
quency standard room appears to in¬ 
troduce approxirnate*ly ().*) iniHisi*eond 
delay when the* se*lectivity is switched 
from 3 kc (xtal eiut) to l.o kc (xtal in). 
This ciwstal filte*r e*an be use*d to sup¬ 
press the .siugl('-side*banel tone* trans¬ 
mission of WWW leaving the time* sig¬ 
nals in the elear during the entire five- 
minute period. 

The use* of a selt*ctive aiidiei filter 
ahead of the Mu*r<Mlial cenitacte»r may 
result in s«»me ne>i.s<*-pul.‘<<*-ineiue*<*<l ring¬ 
ing of the filt(»r. This e*ondition is irn- 
preiveel slightly by placement of the* 
audio tilter in the* e*ircuit folle»wing the 
Mie*rodial contae-tor. since the numbe*r 
of large nejisi* pulse*s e’oming threaigh the 
open “gate*’’ is less than the teital num¬ 
ber of noises pul.se*s ahe*iiel of the “gate.“ 
Discussion of Results of Use of This 
Method of Calibration 

The dial readings ejf the Microdial 
can be (^stimate*d !e) 0.1 divisiem ot the* 
elial. The ace*uracy of the* estimate* eli*- 
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|Kni(ls upon Uio use of a standard direc¬ 
tion of approach to the s<UtiiiK |>oint and 
the use of the vernier s<*ale provide<l Uy 
the os<*illoscope as dc*seril>(*d a^>ove. In 
general, the dial readini^s nia<le by this 
metho<I have exhibilixl a eonsislency of 
iH'tterthan d: 1 millis<M’oiid. This d<*j;ree 
of reliability is miec|uate. since the time 
sii^nals show a propaical ion-caused vari¬ 
ation sometinu^s as irn*jit ini d= 1 milli- 
s<M‘ond. In general, tlie stability of th(‘ 
arrival time of the time signals is better 
tlian ±: 0.3 milliH(*cond. 

Over the past few months, calibration 
of the Cleneral Hadio working frequency 
standard hiu* Ix'eii carried out by this 
methcMl with a pn‘cision entirely ade- 
cjuate for pre<’i.se fn^iucMicy in(»asurement 
of d: I X 10“* without <*orr(H’ti(»n for the 
variations in th<‘ transmission time of 
the time siftnals. By takiniL account of 
the corre<*tiofLS provided by the V. S. 
Naval Observatory, Wtishington, I). C., 
it is possible to improve this figure. In 
any <‘ase. this calibration method pro¬ 
vides a l(H*aI time standard, inde{>endent 
of radio propagation condition.s, with a 
.simple, accurate. chc<*king metluKl for 
use when radio propagation conditions 
are favorable, to allow direna calibration 
by comparison with externally available 
standard time signals. 

An **Em«rg«ncy'* Method 

The display metlnKl described above 
assumes iM»s.session of a complete Type 
1I(M)-.\P Primary Fre<iuency Standard 
with Type 1105-A Frcniuency Measur¬ 
ing Equipment .V.ssinnbly. \Vhc*n only 
the Type IMMF.VP Primary FrcHiuency 
Standard is available, an oscillo.scopic 
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Figure 11. Diagram of oscillotcopo display on con* 
vontionol ofciilotcopo, showing 3-millitocond inter* 
val of modulated pulse between "nose" of pulse and 
closing of contactor. 

display can be made, indep(‘ndent of the 
circular sweep, by a setting of thf» Mi¬ 
crodial to chop off the rec|uinMl part of 
the time .signals as .shown on a conven¬ 
tional oscillo.sco|>e with, for example, a 
()0-cycle sim^wave swfH»p on the hori¬ 
zontal plates ami a small amount of 
fiO-cycle .sine wave adthsi to th<* vertical 
deflei-tion .signal along with the timf*- 
sigiuil input. The ‘hiosi*’* of thf‘ time 
pulse will then Ite visible, jis it is on the 
circular sw<*ep di.spl.ay with stamlard 
sweep rate, the tlifference Iwung that 
there is no accurate vernier **gain-or- 
I 0 .SS of time’* .scale on the S4 *o|K‘. d'he 
mcMlulated time signals from \V\V\’ and 
('Hr permit easier u.s<» of this display 
than do the c-w pulse type of signals. 
.\ sketch of an o.scillo.scop(» display of 
this “cmergfMicy” ilisplay meth(Hl is 
shown in Figure 11. 

— P'ka.n’k 1). Lewis 
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